Amygdala functional alterations in OCD appear to be specifically modulated by symptom dimensions whose origins may be more closely linked to putative amygdala-centric processes, such as abnormal fear processing.
The contribution of the amygdala to the pathophysiology of obsessive-compulsive disorder (OCD) remains largely unknown. Although theoretical models continue to suggest a role for this brain region in mediating fear and anxiety processes in individuals with OCD, 1,2 the available empirical evidence is not compelling. 3 For example, functional neuroimaging studies of amygdala responsiveness to general threat-related (i.e. fearful) emotional face expressions -a validated experimental context through which the amygdala is reliably activated in humans -have reported increased, decreased or no changes in amygdala responses in patients with OCD v. healthy individuals. [4] [5] [6] [7] By comparison, such face-processing tasks have been found to more consistently elicit amygdala hyperactivation in post-traumatic stress disorder, social phobia and generalised anxiety disorder. 3 Several explanations for these discrepant findings may exist. On the one hand, existing studies of emotional face processing in OCD have been relatively few in number and methodologically diverse. [4] [5] [6] [7] On the other hand, it may be argued that threat-related amygdala responsiveness is simply not of primary relevance to the pathophysiology of OCD as in other related disorders, 8 or that it is only relevant to certain aspects of its clinical phenomenology. 2 In the current study, we were particularly interested in addressing this latter possibility; namely, that amygdala function may be more closely related to one or more of the major symptom dimensions of OCD in line with a 'multidimensional' perspective -the idea that OCD can be reliably summarised with a few consistent and temporally stable symptom dimensions. [9] [10] [11] [12] Some existing findings support the usefulness of this approach in the context of neuroimaging studies of patients with OCD. For instance, in an earlier study, 13 we reported a specific association between amygdala volume reductions and aggression/checking symptoms in individuals with OCD (see also a more recent study by van den Heuvel et al). 14 In the current study, we sought to examine the influence of OCD symptom dimensions on amygdala function in OCD in the context of a well-validated functional magnetic resonance imaging (fMRI) task of emotional face processing. Recently, we have demonstrated that this task elicits amygdala hyperactivation in OCD patients; 7 however, because of the sample size of that study we were unable to examine the influence of symptom dimensions. In view of past findings 13, 14 and because our recent study 7 included patients with a high prevalence of aggression/checking symptoms (76%) compared with other dimensions (such as contamination/cleaning, 48%), we sought to test a hypothesis that amygdala function may be specifically modulated by this dimension in people with OCD. Our second objective was to characterise the influence of each symptom dimension on broader regions engaged during the processing of fearful faces, which included areas that we previously identified as hyperactivated in patients with OCD when consciously attending to emotional faces. 7 
Method Participants
A total of 67 adult out-patients were recruited from the Obsessive-Compulsive Disorders Unit of the University Hospital of Bellvitge, Barcelona, Spain (Table 1 ). Patients were selected from a slightly larger cohort after having satisfied DSM-IV diagnostic criteria 15 for OCD (for at least 1 year prior to the study) in the absence of relevant medical, neurological and other major psychiatric illness, as well as imaging data quality control checks (see below). Of these patients, 18 (27%) were included in our original report, 7 which did not assess the influence of symptom dimensions. Diagnosis was confirmed by two senior psychiatrists through separate interviews 1 month apart using the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-IV). 16 No patient met the criteria for Tourette syndrome, any psychotic disorder or psychoactive drug misuse/dependence. Comorbid non-psychotic mood and anxiety disorders were not considered Background Despite knowledge of amygdala involvement in fear and anxiety, its contribution to the pathophysiology of obsessivecompulsive disorder (OCD) remains controversial. In the context of neuroimaging studies, it seems likely that the heterogeneity of the disorder might have contributed to a lack of consistent findings.
Aims
To assess the influence of OCD symptom dimensions on amygdala responses to a well-validated emotional facematching paradigm.
Method
Cross-sectional functional magnetic resonance imaging (fMRI) study of 67 patients with OCD and 67 age-, gender-and education-level matched healthy controls.
Results
The severity of aggression/checking and sexual/religious symptom dimensions were significantly associated with heightened amygdala activation in those with OCD when responding to fearful faces, whereas no such correlations were seen for other symptom dimensions.
to be exclusion criteria provided that OCD was the primary diagnosis. All the patients were taking stable doses of medication during at least a 3-month period coinciding with scanning, except two patients who were medication-free for at least 1 month (Table 2) .
Our primary clinical measure of interest was the validated Spanish version of the Dimensional Yale-Brown Obsessive-Compulsive Scale (DY-BOCS), 17, 18 which was used in each patient to rate the severity of six major obsessive-compulsive symptom dimensions: (a) contamination obsessions and cleaning compulsions; (b) obsessions about harm as a result of aggression, injury, violence, natural disasters and/or related compulsions; (c) obsessions concerning sexual, moral and/or religious issues and related compulsions; (d) obsessions about symmetry and/or 'just-right' perceptions, and compulsions to count and/or orderarrange; (e) obsessions and compulsions related to hoarding; (f) miscellaneous obsessions and compulsions (Table 1) . Due to concerns about the construct validity of the latter 'miscellaneous' dimension, 17 it was excluded from subsequent analyses. The DY-BOCS total global severity score was used as a measure of overall illness severity. The Yale-Brown Obsessive Compulsive Scale (Y-BOCS) 19 was also included to allow comparability with previous studies.
Patients were appropriately statistically matched for age, gender and years of education to 67 control participants (Table 1) . Each control underwent the Structured Clinical Interview for DSM-IV Axis I Disorders non-patient version 20 to exclude any Axis I psychiatric disorders. None had a personal history of neurological or psychiatric illness. Controls had lower levels of comorbid depression and anxiety symptoms. All the participants provided written informed consent to participate in this study after receiving a complete description of its protocol, which was approved by the Institutional Review Board of the University Hospital of Bellvitge.
Emotional face-matching task
Participants were assessed using a modified version of the emotional face-matching task originally reported by Hariri et al. 21 During each 5 s trial, participants were presented with a target face (centre top) and two probe faces (bottom left and right) and were instructed to match the probe expressing the same emotion to the target by pressing a button in either their left or right hand. A block consisted of six consecutive trials in which the target face was either happy or fearful, and the probe faces included two out of three possible emotional faces (happy, fearful and angry). As a sensorimotor control condition, participants were presented with 5 s trials of ovals or circles in an analogous configuration and were instructed to match the shape of the probe to the target. Shape stimuli were preferred to neutral faces for the task as the latter may be experienced as emotionally ambiguous or affectively laden, which has been shown to evoke significant activation of amygdala and prefrontal regions. 22 A total of 6630 s blocks of faces (3 fearful) and 6630 s blocks of the control condition (shapes) were presented interleaved in a pseudorandomised order. A fixation cross was interspersed between each block (online Fig. DS1 ).
For each trial, response accuracy and response latency (reaction time) were obtained. The paradigm was presented visually on a laptop computer running Presentation software on 2 Via et al a. Two-tailed Pearson's r correlations between global measures of the DY-BOCS (total score, global severity, global impairment) and Y-BOCS (obsessions, compulsions and total) showed high correlations (all r ranging between 0.73 and 0.87 and all P50.001). b. Non-zero scorers only included in the table. The DY-BOCS severity scores exclude (on a dimension-wise basis) patients whose symptom severity was zero on the rating scale of 0 to 15. c. Note that, although the validity study of the DY-BOCS adopted the labelling 'aggression' for this symptom dimension, we used the term aggression/checking for consistency with previous literature. d. Symmetry/ordering was the only dimensional severity score that correlated with HRSD and/or HRSA measures (HRSD: r = 0.34, P = 0.01; HRSA: r = 0.43, P50.001). e. The miscellaneous dimension was not included in brain-behavioural analyses.
Windows (Neurobehavioral Systems Inc, Albany, CA, USA, www.neurobehavioralsystems.com). Magnetic resonance imagingcompatible high-resolution goggles were used to display the stimuli. Participants' task responses were registered using a right-and a left-hand response device based on optical fibre transmission. Task performance data were unavailable for one person in the OCD group because of a technical error. Analyses of task performance data were conducted using a mixed ANOVA, with 'task condition' (fearful faces, happy faces or control condition) as the within-participant variable and 'study group' (controls, individuals with OCD) as the between-participant variable. Response accuracy and reaction times (for correct trials) were estimated and compared separately for each condition. Accuracy was represented as the percentage of correct responses within each condition (out of the non-omission responses). Additionally, we conducted Pearson's correlation analyses (two-tailed) between task performance measures in the OCD group and their DY-BOCS severity ratings. All analyses were performed in Statistical Package for the Social Sciences (SPSS) version 20 on Windows.
Image acquisition and preprocessing
A 1.5-T Signa Excite system equipped with eight-channel phasedarray head coil and single-shot echoplanar imaging software was used. The functional sequence consisted of gradient recalled acquisition in the steady state (repetition time (TR) = 2000 ms, echo time (TE) = 50 ms and pulse angle, 908) in a 24 cm field of view, with a 64664 pixel matrix and a slice thickness of 4 mm (inter-slice gap, 1 mm). A total of 22 interleaved sections, parallel to the anterior-posterior commissure line, were acquired to generate 270 whole brain volumes (9 min), excluding four initial dummy volumes.
Imaging data were pre-processed on a Linux platform running MATLAB version 7 and statistical parametric mapping software (SPM8). Motion correction was performed by aligning (within participant) each time series to the first image volume using a least-squares minimisation and a six-parameter (rigid body) spatial transformation. Translation and rotation estimates (x, y, z) were required to be less than 2 mm or 28, respectively, for all participants. Data were normalised to the standard echoplanar imaging (EPI) template provided in SPM software and resliced to 2 mm isotropic resolution in Montreal Neurological Institute (MNI) space. Functional images were smoothed using a Gaussian filter (full-width at half-maximum (FWHM) = 8 mm). All image sequences were routinely inspected for potential normalisation artifacts.
Participant-wise fMRI analysis
For each participant, a primary task regressor was created by convolving the onset of each of the task condition blocks with a canonical haemodynamic response function and its temporal derivative. Rest-fixation periods served as an implicit task baseline. Maximum likelihood parameter estimates were calculated at each voxel using the general linear model and a first-order autoregressive (AR (1)) model of serial autocorrelations. A high-pass filter was used to remove low-frequency noise (1/128 Hz). First-level contrast images for each participant were carried forward to the group level using the summary statistics approach to random-effects analyses. For this study, the primary task contrast of interest corresponded to the 'matching fearful faces minus control task' condition, given that this contrast provided the most compelling results in our former study. 7 The condition of 'matching happy faces minus control task' was assessed secondarily in relation to our analyses of symptom dimensions (see below).
Initial between-group fMRI analyses
A two-sample t-test design was used to estimate significant withinand between-group activation results in relation to the primary contrast of interest. For within-group results, a P FDR 50.05 with a minimum extend threshold of 10 voxels was used. Betweengroup analyses were performed in two stages. First, an amygdala region-of-interest analysis was performed to test for betweengroups differences in the activation to the task contrast. An amygdala mask was created by applying the cytoarchitectonical probabilistic maps of the amygdala (centromedial, basolateral and superficial subnuclei) included in Anatomy v.1.5 Toolbox in SPM8 23 to the combined analysis (global conjunction null test as described in SPM) 24 of control and OCD within-group responses. The defined mask broadly encompassed the bilateral extended amygdala region (824 voxels). The spatial extent threshold for between-group comparisons was determined by 1000 Monte Carlo simulations using AlphaSim 25 as implemented in the SPM REST toolbox. 26 The input parameters included an individual voxel threshold probability of 0.01 and a cluster connection radius of 5 mm, at 8 mm FWHM smoothness. A minimum cluster extent (K E ) of 12 voxels was estimated to satisfy a P FWE 50.05 small-volume corrections.
As a second step, we examined between-group differences across the whole brain volume. In this case, minimum spatial extent thresholds were estimated by applying AlphaSim to extended mask volumes that represented the combined analysis (global conjunction null) of significant within-group effects (size: 79 849 voxels, K E = 161 voxels). The input parameters to AlphaSim were the same as those introduced for the amygdala mask.
fMRI regression analyses of DY-BOCS severity scores
A multiple regression analysis was used to assess potential associations between the severity of each symptom dimension as a primary regressor of interest and amygdala activation in the OCD group. Associations with symptom dimensions were also assessed across the whole brain. We adopted the same amygdala (18) SSRI, selective serotonin reuptake inhibitor. a. Aripiprazole (n = 3), olanzapine (n = 2), quetiapine (n = 2), risperidone (n = 4), ziprasidone (n = 1).
small-volume and whole brain thresholding approach as described above. The mask used for the whole brain analysis corresponded to patients' within-group activation map (size: 82 336 voxels, K E = 66 voxels). The influence of each symptom dimension was analysed separately given their mostly orthogonal nature 17 (online Table  DS1 ), which allowed us to address the possibility that some overlap might occur between dimensions with regard to their influence on amygdala or whole brain activation. Importantly, for each dimension, two covariates were specified: (a) patients' dimension severity score; and (b) a binary (dummy-coded) variable that classified patients into those scoring a zero or a non-zero value ( Table 1 ). This second covariate was included to adjust for a potential categorical weighting to the data that might occur when including a proportion of individuals scoring zero (i.e. 'no symptoms') on a putatively continuous psychometric scale (see also Harrison et al 27 ) . Importantly, when adjusting for zero values within each dimension, remaining severity scores became normally distributed (online Fig. DS2 ). Finally, we also examined potential associations between DY-BOCS total global severity scores and Y-BOCS total scores and patients' brain activation.
Results

Task performance
Both groups were accurate overall (mean percentage accuracy: control group: 98.11 (s.d. = 2.59); OCD group: 97.11 (s.d. = 3.33)) and there was no main effect of group (F(1,131) = 3.75, P = 0.06). However, there was a significant main effect of task condition (F(1,172) = 28.12, P50.001); overall, participants were less accurate when matching fear faces compared with matching shapes and happy faces (all P50.001). There was no significant interaction between task condition and study group (F(1,172) = 0.27, P = 0.67).
Regarding reaction times, there was a significant main effect of group (F(1,131) = 16.30, P50.001), with the OCD group being slower overall than the control group. There was also a significant main effect of condition (F(1,174) = 6.35, P = 0.007): reaction times were longer for both face-matching conditions compared with matching shapes (P50.001) and also when matching fearful compared with happy faces (P50.001). The OCD group were slower than the control group across all three conditions (P50.05), but also demonstrated a longer reaction time for the fearful face matching condition, as represented by a significant group6condition interaction (F(1,174) = 6.35, P = 0.007).
Within the OCD group, there were no significant linear correlations observed between DY-BOCS dimensions' severity scores (excluding patients with zero scores) or the DY-BOCS global severity scores and task performance measures.
Initial between-group fMRI analyses
Both groups exhibited significant bilateral activation of the amygdala region when matching fearful emotional face expressions in comparison with matching shapes. Additionally, the groups demonstrated significant activation of other areas commonly engaged by this task, including primary and secondary visual cortices extending to the fusiform gyrus, the hippocampus, premotor (extending to anterior cingulate), lateral prefrontal and orbitofrontal cortices (online Table DS2 and online Fig. DS3 ).
Between-group analyses indicated significantly greater bilateral amygdala activation in the OCD group (Fig. 1 ). Significant between-group differences were also characterised in other brain regions. All such differences corresponded to heightened activations in the OCD group compared with the control group. Specifically, patients showed greater activation in secondary visual cortex extended to intraparietal sulcus, right anterior insula cortex, premotor cortex, right orbitofrontal cortex and right middle temporal gyrus. The left amygdala group difference survived whole brain level correction ( Fig. 1 and Table DS2 ).
fMRI regression analyses of DY-BOCS severity scores
Selective and significant positive correlations between the severity of two symptom dimensions and amygdala activation were observed in the OCD group during the 'matching fearful faces minus shapes' contrast. Of note, these correlations were not observed in our secondary analysis of the 'matching happy faces minus shapes' contrast.
Specifically, the severity of aggression/checking and sexual/ religious symptoms predicted greater activation of the right amygdala when matching fearful face expressions. According to anatomical localisations based on Mai et al, 28 the main peak of association with aggression/checking symptoms was approximately located in the basolateral amygdala subregion extending to the hippocampus subiculum (x = 18, y = 710, z = 716, K E = 16, Z = 3.65), whereas the centromedial subregion was mapped to the severity of sexual/religious symptoms (x = 26 y = 710 z = 710, K E = 28, Z = 3.26) ( Fig. 2) . To explore the influence of anxiety and depression, the scores of the Hamilton Rating Scales for Depression 29 and Anxiety 30 were introduced as covariates into these models. In addition, we sought to control for the influence of greater task difficulty with regard to the fearful face-matching condition by including the participants' mean reaction time difference between this condition and the shape-matching condition in further confirmatory analyses. Of note, the observed associations between amygdala activation and OCD symptom dimensions remained significant when controlling for comorbid symptoms of anxiety and depression (aggression/checking (x = 18, y = 710, z = 716, K E = 12, Z = 3.50), sexual/religious symptoms (x = 26, y = 710, z = 710, K E = 12, Z = 2.90)) and also when controlling for the relatively greater difficulty associated with matching fearful faces compared with the control trials (aggression/checking (x = 18, y = 710, z = 716, K E = 12, Z = 3.55), sexual/religious (x = 26, y = 710, z = 710, K E = 31, Z = 3.36)) (online Fig. DS4 ).
Other brain regions also emerged as significantly positively and negatively correlated with the severity of these two dimensions, but not other dimensions, in relation to matching fearful faces. Greater severity of aggression/checking symptoms was positively correlated with activation of the dorsal anterior cingulate cortex and negatively correlated with the posteriorinferior middle temporal gyrus. Greater severity of sexual/religious symptoms was additionally positively correlated with activation of the left premotor cortex and negatively correlated with activation of the primary and secondary visual cortex and the right fusiform gyrus (Fig. 2) .
Finally, DY-BOCS total global severity was negatively correlated with the activation of visual cortex regions, extending to the intraparietal cortex. These correlations also emerged when using the total Y-BOCS score, although the regional clusters were less extensive (online Fig. DS5 ).
Discussion
Although the amygdala remains theoretically important to pathophysiological models of OCD, empirical studies such as those based on neuroimaging have not provided consistent support for its involvement in the disorder. This study sought to test the idea that putative amygdala dysfunction may be more closely related to one or more of the major symptom dimensions of OCD in an attempt to reconcile these past findings. In general, this idea is consistent with one of the key predictions of the 'multidimensional model', which has proposed that OCD symptom dimensions may differentially reflect the disturbance of brain 'threat detection' systems involving frontal, striatal and limbic regions. 31, 32 The current study lends some support to this idea by demonstrating a selective modulation of amygdala function in participants with OCD in relation to aggression/checking and sexual/religious symptoms but not other symptom dimensions. Whereas the association with aggression/checking symptoms was predicted on the basis of our prior work 7 and previous structural imaging studies, 13, 14 the association with sexual/religious symptoms may also be considered intuitive, considering that both of these dimensions have been grouped together under the umbrella of unacceptable thoughts, factor I or pure obsessions. 9, 12 Associations between the severity of aggressive and sexual/ religious symptoms and amygdala activation were characterised in the context of a fearful emotional face-matching task. Although the task itself is not considered to be fear eliciting, the processing of fearful faces is known to broadly engage components of the classical 'fear circuitry' 21, 33 including the amygdala. 34 Thus, it may be hypothesised that disturbances within this circuitry are more relevant to the development and maintenance of these particular symptom dimensions in people with OCD. These results also raise the question of whether these two dimensions might have greater biological overlap with other anxiety disorders, given the stronger existing link between these disorders and 5 Fig. 1 Amygdala and whole brain between-group differences (obsessive-compulsive disorder (OCD) group > healthy control group) during the performance of the task (fearful faces minus control task).
Results for amygdala-small-volume correction (SVC) approach (images within the dashed-line box) and whole brain approach are represented at PFWE50.05 AlphaSim corrected. Images are represented in standard neuroanatomical space (Montreal Neurological Institute (MNI)) and in neurological convention (i.e. right hemisphere is displayed on the right), colour bar represents T-value. Peak coordinates and statistics corresponding to the amygdala-SVC -right amygdala: x = 24, y = 2, z = 716, KE = 12, Z = 2.88; left amygdala: x = 718, y = 72, z = 716, KE = 103, Z = 3.51. Whole brain peak coordinates are included in online Table DS2 . Fig. 2 Amygdala and whole brain correlations between the Dimensional Yale-Brown Obsessive-Compulsive Scale (DY-BOCS) scores and brain activations during the performance of the task (fearful faces minus control task).
Images are represented in standard neuroanatomical space (Montreal Neurological Institute (MNI)) and in neurological convention (i.e. right hemisphere is displayed on the right). Colour bar represents the T-value. Positive correlations in yellow, negative correlations in blue. Results for the correlations using the amygdala-small-volume correction (SVC) approach (images within the dashed-line box) and whole brain are represented at a PFWE50. amygdala fear circuit dysfunction. 3 This idea fits with previous suggestions of a phenomenological relationship between some symptom dimensions and other anxiety disorders. 2 Of note, the presence of comorbid anxiety disorders and anxiety symptoms did not account for the observed relationships between the two symptom dimensions and amygdala activation in our patients.
It is notable that the severity of aggression/checking and sexual/religious symptoms modulated somewhat distinct areas of the extended amygdala complex and differentially predicted activation in other task-relevant regions. Specifically, the severity of aggression/checking symptoms predicted the activation of the amygdala and the dorsal anterior cingulate cortex. Together with the amygdala, the dorsal anterior cingulate is also implicated in the processing (evaluation) of fear-related stimuli. 35 Both structures are also implicated in other relevant functions, such as interoceptive awareness and emotional arousal (together with the insula) -forming a network that is thought to be dysregulated in anxiety-prone individuals 36 and whose activity may underlie the emergence of anxious affect, worry and avoidance behaviour. 36 Other evidence points to the relevance of amygdala and anterior cingulate in the evaluation of remote fears and threat estimation. 35, 37 Interestingly, threat estimation beliefs have also been shown to predict aggression/checking symptoms in people with OCD, 38 and, in general, appear to be one domain of obsessional beliefs that is more common between patients with OCD and patients with other anxiety disorders. 39 It is also interesting to note that although the anterior cingulate is reported as being generally hyperactive in people with OCD, [40] [41] [42] [43] certain studies have associated these findings to the severity or provocation of aggression/checking symptoms and anxiety. 31, 41, 44 Sexual/religious symptoms were also correlated with activation of the amygdala and with the left premotor cortex. The precise anatomical location of this amygdala cluster was slightly different to that observed with aggression/checking symptoms; the former being associated more with the centromedial amygdala, and the latter being associated more with the basal amygdala. These findings may hint at a certain level of amygdala functional specialisation with regard to these symptom dimensions, although this suggestion is made cautiously, taking into account the spatial resolution of our data.
Although hyperactivation of premotor cortex has been previously related to obsessional slowness, 45 some evidence suggests its relevance in the response to threat, as a preparatory motor response of the individual perceiving danger. 46 In addition, its activity may be particularly relevant in the context of functional alterations of the amygdala. 47 Its specific relationship to sexual/religious symptoms, however, remains to be clarified.
Negative associations were also found between the severity of these dimensions and areas related to visual perception, namely the middle temporal gyrus (its posterior-inferior portion) in the case of aggression/checking symptoms and extended visual cortex areas in the case of sexual/religious symptoms. It is interesting that the DY-BOCS and Y-BOCS overall severity scores also emerged as negatively correlated with primary visual and intraparietal cortex regions. Taken together, these findings suggest a common converging influence of multiple OCD severity measures on the engagement of task-relevant visual processing areas. Precisely how the modulation of 'lower order' visual regions might impact on amygdala function in people with OCD is unclear at this point, but likely involves complex interactions between the so-called dorsal and ventral visual attention pathways. The task-specific involvement of dorsal attention regions and their heightened engagement in patients with OCD is discussed at greater length in Cardoner et al. 7
Strengths and limitations
The major strengths of this study relate to its large sample, the use of a task that has proven reliable for activating the amygdala in healthy individuals and clinical populations and the use of a psychometric assessment specifically designed to assess OCD symptom dimensions. 17 However, a number of possible limitations of this work should be considered. First, most of the patients were medicated with a selective serotonin reuptake inhibitor or clomipramine-based treatment strategy. Although on the basis of existing evidence such treatments may be expected to reduce rather than augment amygdala activation, 48 their potential influence on our findings cannot be ruled out, particularly with regard to symptom dimension associations. Second, our results are limited by the specificity of the task and therefore could be meaningfully advanced by novel experiments designed, for example to assess fear-conditioning processes in patients with OCD. It is possible that in the context of such tasks, associations between putative 'fear circuit' regions and other hypothesised 'limbic-mediated' symptom dimensions, such as contamination/cleaning symptoms, 2 may be revealed. Finally, although our results may suggest some biological overlap between aggression/checking and sexual/religious symptoms and other anxiety disorders, direct comparisons will be necessary and useful for clarifying these notions.
Implications
Our results suggest that amygdala functional alterations are present in patients with OCD, but appear to be relevantly modulated by certain symptom dimensions. These findings may have implications for the conceptualisation and treatment of OCD. First, our results lend further support to the idea that OCD symptom dimensions are neurobiologically valid clinical phenotypes that deserve attention in imaging, genetic and other studies of OCD. 2, 17 Second, although the idea that certain dimensions might be biologically closer to other anxiety disorders appears to contradict recent proposals regarding the diagnostic classification of OCD, 49 it raises important questions that will only be resolved in future research. In particular, it has raised the question of whether processes such as abnormal fear learning and extinction, which are implicated in the pathogenesis of common anxiety disorders, are equally as relevant to the development and maintenance of certain OCD symptom dimensions. It would be particularly interesting to explore these questions in the context of treatment-oriented research, especially through studies focused on the provision of cognitive-behavioural therapies for OCD, which putatively target fear learning and extinction processes. Table DS1 Intercorrelations between current symptom severity within each of the dimensional components of the DY-BOCS a a Two-tailed Pearson's r correlations are listed first and in italics the P value for each correlation. In italics and bold, the P value corresponding to the only significant correlation.
Dimensions
Aggression/checking Contamination Symmetry Hoarding Aggression/checking --Contamination 0,22 -0,70 -Symmetry 0,14 0,11 -0,25 0,38 -Hoarding 0,08 0,16 0,36 -0,51 0,19 0,003 - Footnote: a Activity co-ordinates (x, y, z) are given in Montreal Neurological Institute (MNI) Atlas space. b Magnitude and extent statistics correspond to a minimum threshold of P FDR < 0.05 (whole-brain corrected). K E = cluster size (extent cluster size of 10 voxels).
Fig. DS1
Diagram of the face-matching task used.
Fig. DS2
Histograms representing the distribution of the Dimensional Yale-Brown Obsessive-Compulsive Scale (DY-BOCS) scores in each dimension and the correspondent normality-test statistics.
Fig. DS3
Whole-brain activations during emotional face matching task (fearful faces minus control task) within groups. (A) obsessive-compulsive disorder (OCD) group in top row, (B) control group in bottom row. Images are represented in standard neuroanatomical space (Montreal Neurological Institute (MNI)) and in neurological convention (i.e. right hemisphere is displayed on the right), represented at P FDR <0.05 and K E >10. Colour bar represents the T-value.
